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FRQFOXVLRQV WKDWDUHPDGHDUH WRRJHQHURXVDQGSRVVLEOHQRWDSSOLFDEOHZKHQUHDOQHWZRUNGDWDZLOOEHXVHG7KH
DUWLFOHE\:DOVNL>@QRWHGUHDOO\LPSRUWDQWSKUDVHWKDWLVYDOLGDQGXQGHUHVWLPDWHGDOVRDWWKHFXUUHQWPRPHQW,WLV
DERXWWKHVLWXDWLRQZKHUHWKHPRGHODSSHDULQJFDOLEUDWHGZKLOHWKHFDOLEUDWHGYDOXHVVHHPXQUHDOLVWLF7KHUHFDQEH
YDULRXVUHDVRQVWKDWDIIHFWLW0RVWFRPPRQLVWKDWWKHUHDOQHWZRUNZRUNVLQORZIORZFRQGLWLRQVRYHUVL]HGSLSHOLQHV
DQGRUGHFUHDVHLQZDWHUXVHDQGWKHUHIRUHWKHK\GUDXOLFJUDGLHQWLQWKHV\VWHPLVIDLUO\IODW7KDWEHKDYLRXUFDXVHV
PLQLPDOGLIIHUHQFHVEHWZHHQREVHUYHGDQGSUHGLFWHGSUHVVXUHYDOXHVLQRWKHUZRUGVWKHFKDQJHLQSLSHURXJKQHVV
YDOXHGRQRWDIIHFWWKHSUHVVXUHJUDGLHQW,QDGGLWLRQWRSLSHURXJKQHVVVHQVLWLYLW\DOVRZDWHUXVHUDWHVOHDNDJHVFDQ
EHZURQJO\HVWLPDWHGDQGLQFRQMXQFWLRQZLWKVKLIWHGZDWHUXVHGDLO\SDWWHUQPD\FDXVHLQFRUUHFWFDOLEUDWLRQYDOXHV
$OWRJHWKHULWFDQEHVDLGWKDWHUURUVLQRQHSDUDPHWHUPD\FRPSHQVDWHIRUHUURULQDQRWKHUSDUDPHWHU7KHUHDUHRWKHU
DVVXPSWLRQVWREHPDGHEHIRUHWKHFDOLEUDWLRQSURFHGXUHFDQEHVWDUWHG%DVHGRQPHDVXUHGIORZDQGSUHVVXUHGDWD
VRPHSUHOLPLQDU\GHFLVLRQVFDQEHPDGHDERXWIORZOLQHVLQWKHV\VWHP,WLVTXLWHFRPPRQWKDWGXULQJWKHFDOLEUDWLRQ
VHWXSLWDSSHDUVWKDWVRPHRIWKHYDOYHVVKRXOGEHFORVHGWRPLPLFWKHIORZGLYLVLRQVLQWKHV\VWHPPRUHFORVHO\
1RUPDOO\DOOWKRVHERXQGDU\DQGVWDWHLQIRUPDWLRQFDQEHWDNHQRXWIURPWKHJHRJUDSKLFDOLQIRUPDWLRQV\VWHP*,6
GDWDEDVHLWLVVWLOOYDOLGWKDWQRWDOOWKDWLQIRUPDWLRQLVUHFRUGHGPDQDJHGDQGPD\JLYHZURQJDVVXPSWLRQVGXULQJ
FDOLEUDWLRQ'DWDYDOLGDWLRQDQGFDOLEUDWLRQVHWXSLVVRPHZKDWGHWHFWLYHZRUN:DOVNL>@
7KLVSDSHUGHWDLOVUHDOZDWHUQHWZRUNFDOLEUDWLRQXVLQJWZRGLIIHUHQWFDOLEUDWLRQDOJRULWKPVDJHQHWLFDOJRULWKP
WKDWKDVEHHQSUHYLRXVO\XVHGZLWKWKHVDPHQHWZRUNGDWDE/HYHQEHUJ0DUTXDUGWDOJRULWKPWKDWKDVEHHQXVHG
LQSUHYLRXVVWXGLHV7KHPDLQDWWHQWLRQLVSDLGRQWRWKHZKROHFDOLEUDWLRQSURFHGXUHLQFOXGLQJFRPSDUDWLYHVWXGLHVLQ
EHWZHHQWKRVHWZRFDOLEUDWLRQDSSURDFKHVDQGUHVXOWLQWHUSUHWDWLRQV
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FDOLEUDWLRQSUREOHPV$FRPSUHKHQVLYHOLVWRIFDOLEUDWLRQDOJRULWKPVFDQEHIRXQGIURP+DHVWDG0HWKRGVHWDO>@
DQG6DYLFHWDO >@ ,QFXUUHQWVWXG\ WZRGLIIHUHQWDSSURDFKHVDUHXVHG DJHQHWLFDOJRULWKPDQGE/HYHQEHUJ
0DUTXDUGW *HQHWLF DOJRULWKP *$ EHORQJV LQWR HYROXWLRQDU\ DOJRULWKP¶V JURXS ZKHUH RSWLPL]DWLRQ WHFKQLTXHV
LQFOXGLQJFDOLEUDWLRQDUHEDVHGRQ WKHSULQFLSOHVRIHYROXWLRQDQG WKH µVXUYLYDORI WKH ILWWHVW¶%HLQJDVWRFKDVWLF
JOREDORSWLPL]DWLRQ WHFKQLTXH WKH*$LVHVSHFLDOO\JRRG LQDQDO\VLQJ ODUJHFRPSOH[PXOWLPRGHOVSDFHVZLWKD
SURYHQDELOLW\WRILQGQHDURSWLPDOVROXWLRQV.DSHODQHWDO>@*$KDVKDGPDQ\VXFFHVVIXOVWRULHVVLQFHLWVILUVW
DSSHDUDQFHLQZDWHUQHWZRUNUHODWHGSUREOHPV6LPSVRQHWDO>@6DYLFDQG:DOWHUV>@>@LQFOXGLQJUHDOFLW\
VFDOHFDOLEUDWLRQVWXGLHV5DQGDOO6PLWKHWDO>@/HYHQEHUJ0DUTXDUGW/0PHWKRGLVEDVHGRQDPRGLILHG*DXVV
1HZWRQRSWLPL]DWLRQWHFKQLTXHDQGLWVILUVWDSSHDUDQFHWRVROYHWKHLQYHUVHWUDQVLHQWSUREOHPIRUZDWHUGLVWULEXWLRQ
V\VWHP ZDV SXEOLVKHG E\ /LJJHWW DQG &KHQ >@ /0PHWKRG LV RIWHQ UHIHUUHG WR DV D ORFDO VHDUFK PHWKRG WKDW
LWHUDWLYHO\SHUIRUPVDVHDUFKE\LPSURYLQJDVLQJOHVROXWLRQQRWDSRSXODWLRQOLNH*$.DSHODQHWDO>@*$DQG
/0 GR KDYH WKH\ RZQ DGYDQWDJHV DQG GLVDGYDQWDJHV *$V ELJJHVW GLVDGYDQWDJH LV D QHHG RI ODUJH QXPEHU RI
JHQHUDWLRQVWRFRQYHUJHWRDJRRGQHDURSWLPDOVROXWLRQ±LQRWKHUZRUGVLWKDVD³VORZFRQYHUJHQFH´WRZDUGVWKH
HQGRIWKH*$UXQ7KHUHIRUH*$LVFRPSXWDWLRQDOO\LQWHQVLYHZKLOVWLWVUHODWLYHHDV\VHWXSURXWLQHVDUHWKHPDLQ
UHDVRQ DQG DGYDQWDJH ZK\ *$ DSSHDUV LQ PDQ\ FRPPHUFLDOO\ DYDLODEOH VRIWZDUH SDFNDJHV DQG UHVHDUFK WRROV
&RQWURYHUVLDOO\WR*$WKH/0PHWKRGLVFRQVLGHUHGDVDIDVWFDOFXODWLRQPHWKRG$OWKRXJKWKHPDMRUGLVDGYDQWDJH
RI/0LVWKDWLWPD\IDLOWRFRQYHUJHRUPD\FRQYHUJHRQDORFDOUDWKHUWKDQJOREDORSWLPXP.DSHODQHWDO>@7KHUH
DUHVRPHLQQRYDWLYHDSSURDFKHVWRRYHUFRPHWKHORFDORSWLPXPSUREOHPLQFOXGLQJWKHYDULDEOHFDOFXODWLRQVWHSIRU
FDOFXODWLRQVRISDUWLDOGHULYDWLYHV.RSSHODQG9DVVLOMHY>@,WVKRXOGEHDOVRQRWHGWKDW/0PHWKRGLVPDLQO\XVHG
DVD UHVHDUFK WRRODQG LW LVQRWZLGHO\XVHG LQFRPPHUFLDOO\DYDLODEOHVRIWZDUHSDFNDJHV WKDWDSSOLFDEOH IRUZDWHU
LQGXVWU\7RRYHUFRPHWKHDIRUHPHQWLRQHGGLVDGYDQWDJHV*$DQG/0DQGWRXVHERWKDOJRULWKP¶VEHVWSDUWV*$
DQG/0KDVEHHQFRPELQHGLQWRWZRVWDJHFDOLEUDWLRQPHWKRG*$/0ZKHUH*$VHDUFKLVXVHGDWILUVWDQGDIWHU
VRPHWHUPLQDWLRQFULWHULDLVPHW/0LVXVHGWRILQHWXQHWKH*$VROXWLRQ.DSHODQHWDO>@7KHPDMRUSUREOHP
DVVRFLDWHGZLWKWKHWZRVWDJHG*$/0PHWKRGLVKRZDQGZKHQWRGHFLGHWRVWRSWKH*$DQGWRVWDUWWKH/0PHWKRG
)RUWKDWSXUSRVHDPHWKRGFDOOHGK\EULG*$+*$KDVEHHQGHYHORSHG$OWKRXJKLWQHHGVVRPHDGGLWLRQDORSHUDWRUV
SDUDPHWHUVWREHGHILQHGLWKDVEHHQSURYHGWREHIDVWHUPHWKRGWKDQVWDQGDUG*$
,QWKLVUHVHDUFKVWXG\ERWKPHWKRGVDUHXVHGVHSDUDWHO\DQGUHVXOWVDUHFRPSDUHGEDVHGRQUHDOQHWZRUNGDWD*$
LVXVHGDVDQRXWRIWKHER[WRROWKDWEHORQJVWR%HQWOH\:DWHU*(06K\GUDXOLFPRGHOOLQJVRIWZDUHSDFNDJH%HQWOH\
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6\VWHPV >@DQG LVFXUUHQWO\XVHGE\7DOOLQQ:DWHU&RPSDQ\/0RQ WKHRWKHU KDQG LVXVHGDVDFXVWRPEXLOW
UHVHDUFK WRROZLWK LWV RZQ FDOLEUDWLRQ URXWLQHV (3$1(7K\GUDXOLFPRGHOOLQJ VRIWZDUH SDFNDJH LV XVHG DV D/0
FDOLEUDWLRQSODWIRUP5RVVPDQ>@
7DOOLQQ&LW\ZDWHUGLVWULEXWLRQQHWZRUN
7DOOLQQLVWKHFDSLWDORI(VWRQLDORFDWHGLQWKH1RUWK(DVWRI(XURSH)LJ7DOOLQQ¶VSLSHLQIUDVWUXFWXUHLVWKH
ELJJHVWLQ(VWRQLDVHUYLQJDOPRVWSHRSOHWKDW¶VDERXWRI(VWRQLDQVSRSXODWLRQ7DOOLQQZDWHUQHWZRUN
KDVSLSHVNPSXPSVWDWLRQVLQFOXGLQJSUHVVXUHERRVWHUVWDWLRQVDQGPDLQSUHVVXUH]RQHV
7KHUHDUHRQHVXUIDFHZDWHUUHVRXUFH/DNHRIhOHPLVWHDQGVHYHUDOJURXQGZDWHUUHVRXUFHVWRVDWLVI\FXVWRPHU¶V
ZDWHU QHHGV )LJ 'XULQJ ZDWHU GLVWULEXWLRQQHWZRUNPRGHOZDV UHEXLOW DQG LV QRZDGD\V UHJXODUO\
XSGDWHGXVLQJYDULRXVGDWDVKRUWFXWV.RRUHWDO>@>@%RWKPHWKRGV*$DQG/0DUHSUHYLRXVO\DSSOLHGRQWR
7DOOLQQ&LW\ZDWHUGLVWULEXWLRQQHWZRUN.RRUHWDO>@.RSSHODQG9DVVLOMHY>@9DVVLOMHYDQG.RSSHO>@


)LJ+\GUDXOLFZDWHUQHWZRUNPRGHOZLWKKLJKOLJKWHGWUDQVPLVVLRQOLQHVDQG=RQH$XQGHULQYHVWLJDWLRQ
7DEOH%DVHGDWDRIQHWZRUN]RQHV
=RQH =RQHQDPH 1XPEHURISLSHVLQ]RQH 1XPEHURISUHVVXUHPHDVXUHPHQWV 1XPEHURIIORZPHDVXUHPHQWV
$ 0XVWDPlH®LVPlH   

7KHVFRSHRI WKLV VWXG\ LV QRW WKH UHFDOLEUDWLRQRI WKHZKROHQHWZRUNEXWSLFNLQJRQHSUHVVXUH]RQH SUHVVXUH
ERRVWHU]RQHDQGFRPSDUHWKHDOJRULWKP¶VSHUIRUPDQFHDQGUHVXOWVFRQVLGHULQJYDULRXVVHWXSVWDJHVLQFOXGLQJGDWD
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LQSXWDQGFDOLEUDWLRQWLPH%DVLFQHWZRUNGDWDIRUDVXEQHWZRUNLVJLYHQLQ7DEOHDQGORFDWHGLQ)LJ=RQH$LVD
SUHVVXUHERRVWHU]RQHJHWWLQJLWVZDWHUIURPWKHPDLQVXUIDFHZDWHUVRXUFH/DNHRIhOHPLVWH)LJ
3UHVVXUHIORZPHDVXUHPHQWV ZHUH JDWKHUHG GXULQJ$SULO DQG -XQH  )RU=RQH $ WKHUH LV  IXOO GD\V RI
DGGLWLRQDOSUHVVXUHPHDVXUHPHQWGDWDDQGIRU=RQH%IXOOGD\VRIPHDVXUHPHQWGDWD.RRUHWDO>@3UHVVXUH
PHDVXUHPHQWORFDWLRQVIRU=RQH$DUHSUHVHQWHGDW)LJ$OOPHDVXUHPHQWVZHUHUHFRUGHGZLWKPLQXWHWLPHVWHS
)RUSUHVVXUHPHDVXUHPHQWORFDWLRQVVHQVLWLYLW\DQDO\VHVZHUHSHUIRUPHG


)LJ3UHVVXUH=RQH$ZLWKSUHVVXUHPHDVXUHPHQWORFDWLRQV03LVVWDWLRQDU\PHDVXUHPHQWVWDWLRQLQFOXGHVDOVRIORZPHDVXUHPHQW
3UHFDOLEUDWLRQSURFHGXUHV
=RQH$LVDPRGHUDWHVL]HSUHVVXUH]RQH$QGEHIRUHDQ\FDOLEUDWLRQFDQEHVWDUWHGLWLVUHDVRQDEOHWRFKHFNWKH
EDVLFEHKDYLRXURIWKHQHWZRUNLQFOXGLQJZDWHUIORZDQDO\VLVDQGZDWHUGHPDQGVWXGLHV
)ORZURXWHV
7KHUHIRUHZDWHUIORZDQDO\VHVZHUHFDUULHGRXWWRVHHLIVRPHSLSHVPD\EHFORVHG)RUH[DPSOHZDWHUIORZLQWKH
SLSH)LJLVYHU\ORZIRUWKHSLSHZLWKGLDPHWHUPPPD[LPDOIORZLQWKLVSLSHOVRQO\,WPHDQVWKDW
TXLWHODUJHSDUWRIWKHQHWZRUNLVLVRODWHGIURPWKLVSLSH+LJKGLIIHUHQFHVLQKHDGVEHWZHHQSRLQWVDQG03DOVR
VD\DERXWLW)LJ,WLVQRWSRVVLEOHWKDWKHDGORVVLVPHWHUVEHWZHHQWZRSRLQWVFRQQHFWHGZLWKSLSHVZLWKGLDPHWHU
PPDQGZLWKIORZOV7KHUHIRUHVHYHUDOSLSHVZKLFKFRQQHFWWKLVDUHDKDYHEHHQFORVHG7KHVDPHDQDO\VLV
VKRZHGWKDWVRPHRIWKHSLSHVORFDWHGQHDUWRSXPSVWDWLRQDUHDOVRFORVHG
$YHUDJHGHPDQGVDQGGHPDQGSDWWHUQV
,QZDWHUQHWZRUNFDOLEUDWLRQ VWXGLHVD ORWRIDWWHQWLRQKDVSDLGRQWRSLSH URXJKQHVVDQGRU OHDNDJHFDOLEUDWLRQ
3XXVWHWDO>@0XFKOHVVDWWHQWLRQLVSDLGRQWRWKHGHPDQGVLWVHOIKRZWRLQSXWWKRVHYDOXHVLQWRWKHZDWHUQHWZRUN
PRGHO DQG KRZ WKH GLIIHUHQFHV EHWZHHQ UHDOWLPH DQG W\SLFDO GHPDQGV FDQ LQIOXHQFH WKH UHVXOWV RI FDOLEUDWLRQ
9DVVLOMHYDQG.RSSHO>@&RQVLGHULQJWKHZDWHUIORZPHDVXUHPHQWVWKHSUHVVXUH]RQHZDVGLYLGHGLQWRVHYHUDO
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VXEDUHDV)LJ7KHUHIRUHEHIRUHWKHSLSHURXJKQHVVFDOLEUDWLRQZDVLQLWLDWHGWKHGHPDQGFRUUHFWLRQFDOLEUDWLRQZDV
FDUULHGRXW7KHPHWKRG XVHG IRU WKH FXUUHQW VWXG\ LV GHVFULEHG LQPRUH GHWDLO LQ.RSSHO DQG9DVVLOMHY >@ DQG
WKHUHIRUHZLOOQRWEHGLVFXVVHGIXUWKHU,WZDVIRXQGRQWKHEDVLVRIZDWHUIORZPHDVXUHPHQWVWKDWGHPDQGVFKDQJH
LQWLPHDQGVSDFHDQGWKLVVKRXOGEHWDNHQLQWRDFFRXQWGXULQJWKHFDOLEUDWLRQ7KHUHIRUHFRUUHFWLRQVLQWRGHPDQG
SDWWHUQ FRHIILFLHQWV ZHUH PDGH EHIRUH SLSH URXJKQHVV FDOLEUDWLRQ 6RPH VXEURXWLQHV ZHUH SUHSDUHG IRU WKHVH
FRUUHFWLRQV RQ WKH EDVLV RI (3$1(7 7RRONLW >@ DQG XVHG LQ WKLV LQYHVWLJDWLRQ 2WKHU SUREOHP ZDV HUURUV LQ
PHDVXUHPHQWV)LJVKRZVKHDGORVVHVEHWZHHQSXPSDQGWZRSRLQWVRIPHDVXUHPHQWV2QHFDQVHHWKDWKHDGORVVHV
DUHQHJDWLYHDWORZGLVFKDUJH±WKHLPSRVVLEOHFDVHLISUHFLVLRQRIPHDVXUHPHQWVLVJRRG7KXVWKHPHDVXUHPHQWV
QHHGFRUUHFWLRQUHJDUGOHVVRIUHDVRQ7KHILJXUHVOLNHVKRZHGLQ)LJZHUHGUDZQIRUDOOSRLQWVRIPHDVXUHPHQWVDQG
DEVROXWHWHUPVRIHTXDWLRQVZHUHXVHGWRILQGFRUUHFWLRQYDOXHVIRUPHDVXUHPHQWV&RUUHFWHGPHDVXUHPHQWVXVHGIRU
FDOLEUDWLRQ

 
)LJ'HSHQQHGQFHRIKHDGORVVHVEHWZHHQSXPSDQGSRLQWVDQGRQZDWHULQIORZLQWR:'6
&DOLEUDWLRQ
)RU FDOLEUDWLRQ WKH VDPH SUHDQDO\VHG DQG FRUUHFWHG PRGHO ZDV XVHG ZLWK WZR GLIIHUHQW FDOLEUDWLRQ PHWKRGV
/HYHQEHUJ0DUTXDUGWDQGJHQHWLFDOJRULWKP$OOEDVHGDWDLQFOXGLQJFDOLEUDWLRQJURXSVZHUHNHSWWKHVDPHWREH
DEOHWRFRPSDUHWKHUHVXOWVZLWKHDFKRWKHU,WZDVGHFLGHGWKDWRQO\RQHPHDVXUHPHQWWLPHZLOOEHXVHGWKDWPDWFKHV
ZLWK WKH SHDN GHPDQG KRXU  $0 2QO\ SLSH URXJKQHVV YDOXHV ZHUH DVVXPHG WR EH XQNQRZQV QR OHDN
FDOLEUDWLRQZDVFRQVLGHUHGDVGHPDQGFRUUHFWLRQVZHUHXVHGEHIRUHKDQG7REHDEOHWRFRPSDUHWKHUHVXOWVZLWKERWK
DOJRULWKPVWKHVDPHDVVXPSWLRQVDQGEDVHGDWDZDVXVHG)RUSLSHURXJKQHVVJURXSVZHUHJHQHUDWHGLQFOXGLQJ
SODVWLFDQGPHWDOSLSHJURXSV1RDVVXPSWLRQZDVPDGHIRUSLSHLQLWLDOURXJKQHVVYDOXHEHFDXVHRIWKHUHJXODUIOXVKLQJ
VWXGLHVLQWKHQHWZRUNDQGWKHUHIRUHWKHDJHVLPSO\PD\QRWPLUURUWKHFRUUHFWVLWXDWLRQ7KHLQLWLDOURXJKQHVVYDOXH
IRUDOOSLSHVSODVWLFPHWDOZDVFRQVLGHUHGWREHPP6RPHVSHFLILFVRIFDOLEUDWLRQDOJRULWKP¶VSDUDPHWHUVDUH
GLVFXVVHGLQWKHIROORZLQJVXEVHFWLRQV
/HYHQEHUJ0DUTXDUGW
/HYHQEHUJ0DUTXDUGWPHWKRGKDVEHHQXVHGIRUFDOLEUDWLRQVWXGLHVDVDFXVWRPUHVHDUFKWRRO6SHFLDOVRIWZDUH
KDVEHHQXVHGWKDWLVEDVHGRQWKH722/.,7GHYHORSHGIRUWKH(3$1(75RVVPDQ>@.RSSHO	9DVVLOMHY>@
VKRZHGWKDW/0UHTXLUHVDORZOLPLWIRUWKHVWHSDORQJSDUDPHWHUVWRFDOFXODWHSDUWLDOGHULYDWLYHVLQRUGHUWRZRUNRQ
WKH RSHUDWLRQDO :'6 PRGHO FRQWDLQLQJ WKRXVDQGV RI SLSHV 7KHUHIRUHPLQSDFN SDFNDJH GHYHORSHG E\ $UJRQQH
1DWLRQDO/DERUDWRU\8QLYHUVLW\RI&KLFDJRZDVPRGLILHGVOLJKWO\WRHQDEOHLWVXVHZLWKWKH(3$1(7DQGKDVEHHQ
UHZULWWHQIURP)2575$1LQWR9LVXDO%DVLFWRXVHLWLQ06([FHO7KHVRIWZDUHXVHV06([FHOWRUHDGLQSXWDQG
ZULWHRXWSXWGDWD
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*HQHWLFDOJRULWKP
7REHDEOHWRFRPSDUHWKHUHVXOWVJHQHWLFDOJRULWKPZDVXVHGDVDQDOWHUQDWLYH,WZDVXVHGDVRXWRIWKHER[WRRO
LQVLGHFRPPHUFLDOVRIWZDUHSDFNDJH%HQWOH\:DWHU*(069L6(/(&7VHULHV%HFDXVHQRLQLWLDOURXJKQHVVYDOXH
ZDV DVVXPHG WKH SLSH URXJKQHVV FDOLEUDWLRQ ZDV VHW XS ZLWK PLQLPXP PP PD[LPXP PP DQG
URXJKQHVVLQFUHPHQWYDOXHVPP
7DEOH&RPSDULVRQRIPHDVXUHGDQGFDOFXODWHG+*/YDOXHV
1RGH,' 0HDVXUHG+*/>P+@
&DOFXODWHG+*/>P+@ 'LIIHUHQFH>P+@
/0 *$ /0 *$
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
+B     
-B     
-B     
0:09LOGH     
-B     
 6TXDUHGUHVLGXDOV  

7KHUHDUHVHYHUDOJHQHWLFDOJRULWKPV¶VSHFLILFSDUDPHWHUVWKDWVKRXOGEHWXQHGIRUVXFFHVVIXOFDOLEUDWLRQ+HUHE\
RQO\ WZR RI WKHP DUH GLVFXVVHG PD[LPXP WULDOV DQG SRSXODWLRQ VL]H )RU FDOLEUDWLRQ VWXG\ YDULRXV SDUDPHWHU
FRPELQDWLRQVZHUHXVHGDQGLWFDPHRXWWKDWWKHSRSXODWLRQVL]HRILVPRUHWKDQHQRXJKWRNHHSWKHFDOFXODWLRQ
WLPH DW UHDVRQDEOH WLPHIUDPH ZLWK VDWLVI\LQJ FDOLEUDWLRQ UHVXOWV LQ WHUPV RI WKH HUURU LQ EHWZHHQ PHDVXUHG DQG
FDOFXODWHG SUHVVXUHV 0RGHO FRQYHUJHQFH ZDV DFKLHYHG ZLWK OHVV WKDQ ¶ WULDOV  QRQLPSURYHPHQW
JHQHUDWLRQVZLWKLQPLQXWHVXVLQJD3&ZLWK,QWHO&RUH'XR&38#*+]
5HVXOWVDQGGLVFXVVLRQV
$VSUHYLRXVO\PHQWLRQHGWKHVDPHDVVXPSWLRQVZHUHXVHGIRUERWKDOJRULWKPV)RUFRPSDUDWLYHVWXGLHVILUVWO\
WKHGLIIHUHQFHVRIPHDVXUHGDQGFDOFXODWHGSUHVVXUHVZHUHFRPSDUHG7DEOH,WFDQEHFRQFOXGHGWKDWERWKPHWKRGV
SHUIRUPZHOODQGWKHDYHUDJHHUURUIRUDOOPHDVXUHPHQWSRLQWVLVLQVDWLVILHGUDQJHPD[LPXPHUURUPIRU/0DQG
PIRU*$,QDGGLWLRQLWFDQEHVHHQWKDWWKHPD[LPXPHUURULVSUHVHQWDWWKHVDPHQRGH0:09LOGH7KLV


REWDLQHGDIWHUFRPSDULVRQZLWK/0DVLPSURYHGYDULDQW,QWKHILUVWYDULDQWLWZDV
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PHDVXUHPHQWSRLQWLVVLWXDWHGLQWKHPLGGOHRIWKHQHWZRUNDZD\IURPWKHPDLQSLSHOLQHVSLSHGLDPHWHUDWPHDVXUHG
ORFDWLRQLVPPDQGWKHUHIRUHLVQRWYHU\VHQVLWLYHWRTXLWHPDQ\SLSHJURXSV7KHRYHUDOOURRWPHDQVTXDUHGHUURU
LVVWLOOFRPSDUDEOHLQEHWZHHQGLIIHUHQWDOJRULWKPV,QDGGLWLRQWRSUHVVXUHPHDVXUHPHQWFRPSDULVRQVDOVRWKHILQDO
SLSHURXJKQHVVYDOXHVZHUHFRPSDUHGZLWKLQGLIIHUHQWPHWKRGV7KHUHVXOWVDUHJLYHQLQ7DEOH
7DEOH3LSHURXJKQHVVJURXSVYDOXHVIRUYDULRXVSLSH
3LSHJURXS 1XPEHURISLSHV
$YHUDJHYHORFLW\DW
$0>PV@
'DUF\:HLVEDFKHPP
/0 *$
 PP3ODVWLF    
! PP3ODVWLF    
! PP3ODVWLF    
! PP3ODVWLF    
! PP3ODVWLF    
! PP3ODVWLF    
! PP3ODVWLF    
!PP3ODVWLF    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
! PP0HWDO    
!PP0HWDO    

7DEOHLQGLFDWHVDOVRWKHDYHUDJHSLSHYHORFLW\LQDQ\JLYHQSLSHJURXS7RVRPHH[WHQWLWFDQEHFRQFOXGHGWKDW
LIWKHQXPEHURISLSHVLVVPDOOWKHGLIIHUHQFHLQEHWZHHQ/0DQG*$LVODUJHU3OHDVHDOVRQRWHWKDWWKHSLSHJURXS
³!PP3ODVWLF´ LQFOXGHV RQO\RQHSLSH WKDW KDV IORZ LQWRGHDG HQG QRGH7KHUHIRUH LW GRHVQ¶W JLYH XV DQ\
YDOXDEOH LQIRUPDWLRQ DQG FDQEH HOLPLQDWH IURP WKH IXUWKHU GLVFXVVLRQV SHUKDSV WKLV SLSH VKRXOGEHPHUJHG LQWR
SUHYLRXVSLSHVL]HJURXS7KHUHDUHUHDOO\JRRGDJUHHPHQWZLWKLQVRPHPHWDOSLSHJURXSVDQGDOVRZLWKLQWZRSODVWLF
SLSHJURXSV
&RQFOXVLRQV
7KHPDLQLGHDRIWKHFXUUHQWUHVHDUFKZDVWRFRPSDUHWZRGLIIHUHQWFDOLEUDWLRQDOJRULWKP¶VSHUIRUPDQFHRQUHDO
FDVHVWXG\,WVKRXOGEHQRWHGWKDWWKHSHUIRUPDQFHRIDQ\FDOLEUDWLRQDOJRULWKPGHSHQGVKHDYLO\RQSLSHYHORFLWLHV
DQGRU SUHVVXUHJUDGLHQWV RU VLPSO\ FDOLEUDWLRQSDUDPHWHU VHQVLWLYLWLHV DJDLQVW SUHVVXUHPHDVXUHPHQWV%HIRUH DQ\
FDOLEUDWLRQFDQEHVWDUWHGVRPHHQJLQHHULQJNQRZOHGJHZLWKYDULRXVQHWZRUN¶VGDWDHYDOXDWLRQVKRXOGEHFDUULHGRXW
,WLVTXLWHFRPPRQWKDWVRPHSLSHVPD\EHDWWKHRSSRVLWHVWDWHWKDQLWLVUHDGIURPWKHJHRJUDSKLFLQIRUPDWLRQV\VWHP
*,6GDWDEDVH,IWKHVWDWHVRIWKRVHSLSHVZLOOQRWEHFRQVLGHUHGZLWKLQFDOLEUDWLRQWKHUHVXOWRIWKHFDOLEUDWLRQPD\
IDLORUWKHUHVXOWVDUHQRWORJLFDO:KLOVWSLSHURXJKQHVVDQGOHDNDJHVDUHWKHPRVWFRPPRQFDOLEUDWLRQSDUDPHWHUV
RQHVKRXOGQRWXQGHUHVWLPDWHWKHLPSRUWDQFHRIQRGDOGHPDQGVDQGWKHLUSDWWHUQV%HFDXVHRIWKHQDWXUHKRZDYHUDJH
QRGDOGHPDQGVDQGSDWWHUQVDUHXVXDOO\FDOFXODWHGDQG LQVHUWHG LQWRZDWHUQHWZRUNPRGHO LW FDQEHFRQVLGHUHGD
FRQVLGHUDEOHVRXUFHRIHUURU,QFXUUHQWVWXG\WKHILUVWSDUWZDVWRUHDQDO\VHWKHGHPDQGSDWWHUQVDQGWRFDUU\RXWVRPH
FRUUHFWLRQVEHIRUHWKHSLSHURXJKQHVVFDOLEUDWLRQ
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,W LV FOHDU WKDW YDULRXV DOJRULWKPV GR KDYH WKHLU RZQ DGYDQWDJHVGLVDGYDQWDJHV 'HVSLWH WKH DOJRULWKP¶V
SHUIRUPDQFH IRU H[DPSOH WKH FDOFXODWLRQ VSHHG DOVR WKH FDOLEUDWLRQ VHWXS WLPLQJV QHHGV WR EH FRQVLGHUHG DQG
LQFOXGHGLQWRWKHZKROHFDOLEUDWLRQSURFHVV,QFXUUHQWVWXG\LWZDVDELWKDUGWRHYDOXDWHWKHRYHUDOOFDOFXODWLRQWLPH
IURPVWDUWWRILQLVKPDLQO\EHFDXVHRIWKHXVHULQWHUIDFHGLIIHUHQFHV/0XVHV([FHOVKHHWVIRUXVHULQWHUIDFH6LPSO\
WRVD\RQHQHHGVVRPHVSHFLDONQRZOHGJHWRXVHLWLIQRKHOSILOHLVDYDLODEOH$OWKRXJKWKH*$GRHVKDYHDQHDVLO\
PDQDJHDEOHXVHULQWHUIDFHZLWKKHOSILOHLWVKRXOGEHQRWHGWKDWDQHQJLQHHUGRQHHGWRKDYHVRPHNQRZOHGJHZKDW
SDUDPHWHUVQHHGVWREHWXQHGEHIRUHWKHFDOLEUDWLRQ)RUH[DPSOHSRSXODWLRQVL]HDQGWKHQXPEHURIWULDOVWUXO\PD\
GHILQHLIWKHFDOLEUDWLRQLVVXFFHVVIXO,WLVQRWZLVHWRXVHYHU\ODUJHSRSXODWLRQYDOXHVEHFDXVHLWPD\QRWDXWRPDWLFDOO\
JLYHEHWWHUUHVXOWVWKDQZLWKVPDOOHUSRSXODWLRQVL]HVEXWWKHFDOFXODWLRQWLPHZLOOLQFUHDVHWUHPHQGRXVO\IURPPLQXWHV
WRKRXUV2QWKHFRQWUDU\/0GRHVQRWQHHGDQ\DGGLWLRQDOLQIRUPDWLRQDQGIRXQGEHWWHUUHVXOWVIURPILUVWDWWHPSW
LQPXFKVPDOOHUWLPHWKDQ*$VHFYVPLQ,QRYHUDOOLWFDQEHFRQFOXGHGWKDWERWKDOJRULWKPVSHUIRUPZHOO
DQGWKHUHVXOWVDUHFRPSDUDEOHZLWKHDFKRWKHUWRVRPHH[WHQW
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH7DUJHW5HVHDUFK7KHPH6)VDQGLQVWLWXWLRQDOUHVHDUFKIXQGLQJ,87
,87RIWKH(VWRQLDQ0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK
5HIHUHQFHV
>@7:DOVNL&DVHVWXG\3LSHQHWZRUNPRGHOFDOLEUDWLRQLVVXHV-RXUQDORI:DWHU5HVRXUFHV3ODQQLQJ	0DQDJHPHQW
>@7:DOVNL6KHUORFN+ROPHVPHHWV+DUG\&URVVRUPRGHOFDOLEUDWLRQLQ$XVWLQ7H[DV-$PHULFDQ:DWHU:RUNV$VVRFLDWLRQ

>@+DHVWDG0HWKRGV70:DOVNL'9&KDVH'$6DYLF:0*UD\PDQ6%HFNZLWK(.RHOOH$GYDQFHG:DWHU'LVWULEXWLRQ0RGHOLQJ
DQG0DQDJHPHQW%HQWOH\,QVWLWXWH3UHVV([WRQ3HQQV\OYDQLD86$
>@'$6DYLF=6.DSHODQ05-RQNHUJRXZ4XRYDGLVZDWHUGLVWULEXWLRQPRGHOFDOLEUDWLRQ"8UEDQ:DWHU-RXUQDO
>@=6.DSHODQ'$6DYLF*$:DOWHUV$K\EULGLQYHUVHWUDQVLHQWPRGHOIRUOHDNDJHGHWHFWLRQDQGURXJKQHVVFDOLEUDWLRQLQSLSHQHWZRUNV-
RI+\GUDXOLF5HVHDUFK
>@$56LPSVRQ*&'DQG\/-0XUSK\*HQHWLFDOJRULWKPVFRPSDUHGWRRWKHUWHFKQLTXHVIRUSLSHRSWLPL]DWLRQ-:DWHU5HVRXUFHV
3ODQQLQJDQG0DQDJHPHQW
>@'$6DYLF*$:DOWHUV*HQHWLFDOJRULWKPWHFKQLTXHVIRUFDOLEUDWLQJQHWZRUNPRGHOV5HSRUW1R&HQWHUIRU6\VWHPVDQG&RQWURO
(QJLQHHULQJ8QLYHUVLW\RI([HWHU8.
>@ '$ 6DYLF *$ :DOWHUV *HQHWLF DOJRULWKPV IRU OHDVWFRVW GHVLJQ RI ZDWHU GLVWULEXWLRQ QHWZRUNV - :DWHU 5HVRXUFHV 3ODQQLQJ DQG
0DQDJHPHQW
>@05DQGDOO6PLWK&5RJHUV(.HHGZHOO5'LGXFK=.DSHODQ2SWLPL]HGGHVLJQRIWKHFLW\RI2WWDZDZDWHUQHWZRUNDJHQHWLF
DOJRULWKPFDVHVWXG\LQ6*%XFKEHUJHU50&ODUN:0*UD\PDQ-*8EHU(GV3URFHHGLQJVRIWKHWK:DWHU'LVWULEXWLRQ6\VWHPV
$QDO\VLV&RQIHUHQFH$PHULFDQ6RFLHW\RI&LYLO(QJLQHHUVSS
>@-$/LJJHWW/&&KHQ,QYHUVHWUDQVLHQWDQDO\VLVLQSLSHQHWZRUNV-RI+\GUDXOLF(QJLQHHULQJ
>@7.RSSHO$9DVVLOMHY&DOLEUDWLRQRIDPRGHORIDQRSHUDWLRQDOZDWHUGLVWULEXWLRQV\VWHPFRQWDLQLQJSLSHVRIGLIIHUHQWDJH$GYDQFHVLQ
(QJLQHHULQJ6RIWZDUH
>@%HQWOH\6\VWHPV%HQWOH\:DWHU*(069L+HOS6RIWZDUH0DQXDO
>@/$5RVVPDQ(3$1(78VHU¶V0DQXDO:DWHU6XSSO\DQG:DWHU5HVRXUFHV'LYLVLRQ1DWLRQDO5LVN0DQDJHPHQW5HVHDUFK/DERUDWRU\
&LQFLQQDWL
>@0.RRU53XXVW$9DVVLOMHY7.RSSHO'DWDEDVHGULYHQK\GUDXOLFPRGHOFUHDWLRQSURFHGXUHLQ3URFRIWKHWK:DWHU'LVWULEXWLRQ
6\VWHPV$QDO\VLV&RQIHUHQFH$GHODLGH$XVWUDOLD(QJLQHHUV$XVWUDOLDSS
>@0.RRU53XXVW$9DVVLOMHY'DWDEDVHGULYHQXSGDWDEOHK\GUDXOLFPRGHOIRUGHFLVLRQPDNLQJ3URFHGLD(QJLQHHULQJ
>@$9DVVLOMHY7.RSSHO(VWLPDWLRQRIUHDOWLPHGHPDQGVRQWKHEDVLVRISUHVVXUHPHDVXUHPHQWVLQ3URFRIWKHWK,QWHUQDWLRQDO&RQIHUHQFH
RQ(QJLQHHULQJ&RPSXWDWLRQDO7HFKQRORJ\'XEURYQLN&URDWLD&LYLO&RPS3UHVVSDSHU
>@53XXVW=.DSHODQ'$6DYLF7.RSSHO$UHYLHZRIPHWKRGVIRUOHDNDJHPDQDJHPHQWLQSLSHQHWZRUNV8UEDQ:DWHU-RXUQDO

>@$9DVVLOMHY7.RSSHO8VHRIWKHUHDOWLPHGHPDQGVIRUFDOLEUDWLRQRIZDWHUGLVWULEXWLRQV\VWHPVLQ3URFRIWKHWK,QWHUQDWLRQDO
&RQIHUHQFHRQ&LYLO6WUXFWXUDODQG(QYLURQPHQWDO(QJLQHHULQJ&RPSXWLQJ%+97RSSLQJDQG3,YiQ\L(GV&LYLO&RPS3UHVV
6WLUOLQJVKLUH6FRWODQGSDSHU
>@7.RSSHO$9DVVLOMHY8VHRIPRGHOOLQJHUURUG\QDPLFVIRUWKHFDOLEUDWLRQRIZDWHUGLVWULEXWLRQV\VWHPV$GYDQFHVLQ(QJLQHHULQJ6RIWZDUH

